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Objective: To develop standardized musculoskeletal ultrasound (MUS) procedures and scoring for
detecting knee osteoarthritis (OA) and test the MUS score's ability to discern various degrees of knee OA,
in comparison with plain radiography and the ‘Knee injury and Osteoarthritis Outcome Score’ (KOOS)
domains as comparators.
Method: A cross-sectional study of MUS examinations in 45 patients with knee OA. Validity, reliability,
and reproducibility were evaluated.
Results: MUS examination for knee OA consists of ﬁve separate domains assessing (1) predominantly
morphological changes in the medial compartment, (2) predominantly inﬂammation in the medial
compartment, (3) predominantly morphological changes in the lateral compartment, (4) predominantly
inﬂammation in the lateral compartment, and (5) effusion. MUS scores displayed substantial reliability
and reproducibility, with interclass correlations coefﬁcients ranging from 0.75 to 0.97 for the ﬁve do-
mains. Construct validity was conﬁrmed with statistically signiﬁcant correlation coefﬁcients (0.47e0.81,
P < 0.01).
Conclusion: The MUS score suggested in this study was reliable and valid in detecting knee OA. In
comparison with standing radiographs of the knees, the score detected all aspects of knee OA with
relevant precision.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.3Introduction
A standing radiogram of the knee is still the primary imaging
modality used to evaluate and conﬁrm the diagnosis of knee OA and
is considered as the gold standard for assessing joint damage in
knee OA1, as it demonstrates late osteoarthritic bony abnormalities
and joint space narrowing2. Standing radiography is considered
inexpensive and is widely available globally. However, standing
radiograms of the knees are limited by their inability to directly
visualize articular cartilage, synovial recesses, menisci, and otherH. Bliddal, The Parker Insti-
iversity Hospitals, Bispebjerg
eriksberg, Denmark. Fax: 45-
B.F. Riecke), Robin.Daniel.
soeren.tobias.torp-pedersen.
@dadlnet.dk (M. Boesen),
ddal@regionh.dk (H. Bliddal).
ternational. Published by Elsevier Lsoft tissues involved in the pathophysiology of OA . In contrast
magnetic resonance imaging (MRI) may provide an accurate and
reproducible evaluation of both bone, articular cartilage, and soft
tissues4e6. Advantages of MRI include its non-invasiveness, multi-
planar capability, and excellent soft tissue contrast. However, MRI is
relatively expensive, time consuming, and not widely used for
detecting knee OA.
Another modality used to visualize musculoskeletal disorders in
research and clinical practice is high-frequency musculoskeletal
ultrasound (MUS)7. MUS effectively depicts superﬁcial periarticular
structures (e.g., soft tissues, bony abnormalities) and to some
extent, intra-articular structures (e.g., meniscus, articular
cartilage8e11). MUS is considered reliable for identifying knee
effusion12 and Baker's cyst13, and it has a higher sensitivity than
physical examination for detecting these pathological ﬁndings14.
MUS has considerable advantages over other imaging modalities by
being non-invasive (like MRI), quick to perform even at bedside, at
relatively low cost, and therefore feasible. The power/color Doppler
mode in MUS has shown hyperemia indicating inﬂammation intd. All rights reserved.
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to be fully explored2,16. MUS's usefulness as an outcome measure
has been questioned due to a perception of observer dependence,
whichmay be overcome by a proper learning program17. Structured
scoring of the images has been validated for some joints18,19,
although this technique remains to be developed for the knee.
The objective of this study was to develop standardized MUS
procedures and scoring for detecting knee OA and test the MUS
score's ability to discern various degrees of knee osteoarthritis (OA),
in comparison with plain radiography and the ‘Knee injury and
Osteoarthritis Outcome Score’ (KOOS) domains as comparators.Methods
Study design
We used a cross-sectional study design with ultrasound exam-
ination in a large range of speciﬁed positions in a standardized
sequence. The pathological characteristics examined consisted
predominantly of cartilage damage with concomitant bone ab-
normalities and inﬂammatory processes within the synovium.Study framework
We followed the standard methodology for a quality of life in-
strument development20, including four phases: (1) identiﬁcation
of a speciﬁc patient population, (2) item generation, (3) item
reduction, and (4) determination of validity and reliability. Step 1
involved ﬁnding a proper population with knee OA of a clinical
severity meriting investigation for the study. Step 2 involved
developing an ultrasound procedure for evaluating the soft tissues
around the joint, the menisci, synovial perfusion, bony abnormal-
ities, and focal cartilage lesions in patients with knee pain. Experts
within clinical use of MUS in knee OA were heard (i.e., content
experts, considered end users). These two steps are considered
basic methodology (i.e., reported in the Methods section). Whereas
step 3, item reduction, involved testing the individual items of the
MUS procedure through intra-observer reliability and exploratory
factor analysis, step 4 involved testing the ﬁnal MUS scoring system
of knee OA for construct validity and reliability. Steps 3 and 4 are
described in the Results section.Population identiﬁcation
Inclusion criteria were participants' 18 years of age, under
suspicion of Knee OA referred from the Department of Orthopedic
Surgery to the Department of Radiology, Frederiksberg Hospital to a
standing knee radiogram. The investigator of this studywas present
at the Department of Radiology on Thursdays from December 2007
through the end of March 2008, recruiting participants consecu-
tively, which gave 12 days of scanning. Exclusion criteria were: lack
of motivation to participate; or inability to speak and read Danish
ﬂuently. Signed informed consent was obtained from all partici-
pants. The local Ethical Committee approved this study's being part
of clinical practice at the Copenhagen University Hospital.Outcome measures (constructs)
As a supplement to the standing knee radiogram, the partici-
pants were offered an ultrasound examination of their X-ray-
examined knee or, if both knees were involved, their more painful
knee. Participants also were asked to complete the
‘KOOS questionnaire21.Radiographic examination
Bi-plane weight-bearing semi-ﬂexed (15) radiograms were
taken of the target knee; one in the posteroanterior view, and
one in the lateralemedial view. The radiograms were obtained
using a Philips Optimus apparatus. All examinations were per-
formed by experienced radiographers and evaluated by an
experienced musculoskeletal radiologist using the Kell-
greneLawrence score (KL score)22 as previously described in the
work by this group3.
Item generation
The item generation phase included ﬁrst reviewing the
literature, then conducting a focus group interview, involving
experts within clinical use of MUS in OA (radiologists, rheu-
matologists and physiotherapists). Subsequently, the extended
US examination was created from all the experts' input on what
they considered relevant in monitoring the pathology of knee
OA when examined with ultrasound. The expert panel had two
co-chairs: an ultrasound expert with extensive experience in
MUS and an experienced rheumatologist with a major interest
in OA18. An ultrasound examination, including 14 positions on
the knee with 61 items in total, was agreed upon (see Appendix
1 for a thorough speciﬁcation of the ultrasound examination).
Gray scale ultrasound (GSUS) and Color Doppler ultrasound
(CDUS) examinations were performed in all positions with
recording of still images, with the exception of positions 3, 6, 10,
11 and 12, where CDUS was not done. If synovitis deﬁned by
color Doppler activity was present, an image with maximal ﬂow
and minimal ﬂow was taken from the same live clip. Examina-
tion of the anterior part of the knee joint was performed with
the participant supine with extended and relaxed knee; the
knee was ﬂexed 90 during scanning of positions 10, 11, and 12.
At the anterior part of the knee, the ultrasound examination
included: the quadriceps tendon and patellar tendons, looking
for signs of overuse (e.g., thickening, changes in architecture,
intratendinous hyperemia); the supra-patellar, lateral, and
medial recesses to look for effusion, hyperemia and/or thick-
ening of the synovial membrane; and the medial and lateral
joint lines to look for osteophytes and protrusion of the menisci.
Examination of the posterior part of the knee was performed
with the participant lying in prone position with extended and
relaxed knee. At the posterior part of the knee, ultrasound was
used for detecting a potential Baker's cyst and possible hyper-
emia, if present. The full ultrasound examination took about
5 min to perform, with aspiration of joint ﬂuid; about 10 min.
The ultrasound examination was exported in a DICOM ﬁle for
analysis. The subsequent analysis of the ultrasound images for
the MUS score took 10e15 min in all.
In Table I, the scoring of the 61 items in the 14 positions is
shown. The ultrasound examination was performed with a General
Electric, Logiq9™ (General Electric, Milwaukee, Wisconsin, USA),
using the 14 MHz M12L linear transducer. The ﬁxed B-mode set-
tings for gray-scale were adjusted for musculoskeletal examina-
tion; gain, focus and depth were adjusted individually when
needed. The Doppler sensitivity was optimized for low ﬂow with
ﬁxed Doppler settings (pulse repetition frequency 0.9 kHz, wall
ﬁlter 114 Hz and 7.5 MHz Doppler frequency). The Doppler settings
ensured that all color pixels were generated by ﬂow and not by
random noise. Measurements of cartilage thickness were done at
the lateral and medial condyle, where the underlying bone was
perpendicular to the ultrasound transducer. In the fovea trochlearis
the cartilage thickness was measured in the most profound part of
the fovea. All the ultrasound examinations were done by investi-
gator A (BFR), a younger physician trained in MUS.
Table I
Scoring of the 61 items in the ultrasound examination
Item no. Position no./region Items Measurements
1 1. The supra-patellar recess Effusion 0, no ﬂuid in the supra-patellar recess; 1, effusion with; 2, effusion without
compression
2 Effusion height The height of the effusion was measured in mm if present (none ¼ 0 mm)
3 Synovial hypertrophy Height was measured in mm if present (none ¼ 0 mm)
4 Synovial villi 0, none; 1, present
5 Doppler activity 0, none; 1, less than half of the region of interest; 2, more than half of the region
of interest
6 Osteophytes on patella 0 ¼ none else the height was measured in mm
7 2. The medial joint space Osteophytes on the femoral joint line 0, none, else the height was measured in mm
8 Osteophytes on the tibial joint line 0, none, else the height was measured in mm
9 Meniscus extrusion 0, none, else the height was measured in mm
10 Meniscus ﬁssure 0, none; 1, ﬁssure; 2, fragmentized
11 Meniscus cyst 0, none; 1, present
12 Effusion 0, none, else the height was measured in mm
13 Doppler activity 0, none; 1, less than half of the area of interest; 2, more than half of the area of
interest
14 3. The anterioremedial joint
space
Osteophytes on the femoral joint line Same as position 2
15 Osteophytes on the tibial joint line
16 Meniscus extrusion
17 Meniscus ﬁssure
18 Meniscus cyst
19 Effusion
20 4. The medial para-patellar
recess
Synovial hypertrophy See above
21 Effusion
22 Doppler activity
23 5. The lateral joint space Osteophytes on the femoral joint line Same as position 2
24 Osteophytes on the tibial joint line
25 Meniscus extrusion
26 Meniscus ﬁssure
27 Meniscus cyst
28 Effusion
29 Doppler activity
30 6. The anteriorelateral joint
space
Osteophytes on the femoral joint line Same as position 2
31 Osteophytes on the tibial joint line
32 Meniscus extrusion
33 Meniscus ﬁssure
34 Meniscus cyst
35 Effusion
36 7. The lateral para-patellar
recess
Synovial hypertrophy See above
37 Effusion
38 Doppler activity
39 8. The proximal patella tendon Jumpers knee 0, none; 1, present
40 Osteophytes on patella 0 ¼ none; else the height was measured in mm
41 Doppler activity
42 9. The distal patella tendon Jumpers knee
43 Granuloma 0, none; 1, present
44 Doppler activity
45 Infra patellar bursa 0, none; 1, present
46 10. The medial condyle Cartilage thickness transverse plan 0, not measurable; else the height was measured in mm
47 Cartilage thickness longitudinal plan 0, not measurable; else the height was measured in mm
48 11. The lateral condyle Cartilage thickness transverse plan Same as position 10
49 Cartilage thickness longitudinal plan
50 12. Trochlea Cartilage thickness transverse plan Same as position 10
51 Cartilage thickness longitudinal plan
52 13. The posterior part of the
knee (transverse scan)
Baker's cyst 0, none; 1, present <2.5 cm; 2, 2.5e5 cm; 3, >5 cm
53 Synovial hypertrophy
54 Septa 0, none; 1, present
55 Synovial villi 0, none; 1, present
56 Doppler activity
57 14. The posterior part of the
knee (longitudinal scan)
Baker's cyst Same as position 13
58 Synovial hypertrophy
59 Septa
60 Synovial villi
61 Doppler activity
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Construct validity
Construct validity is the degree to which the score of an in-
strument is consistent with an a priori hypothesis, based on the
assumption that the instrument validly measures the construct to
be monitored. Construct validity was studied by correlating the
individual ultrasound domains with the KL score and the different
KOOS domain scores. We expected that morphological changes
would correlatewith the corresponding KL scores, and that effusion
and inﬂammation would correlate with the symptom and pain
KOOS domains.
Reliability and measurement error
The intra-observer reliability assesses the degree of agreement
among multiple repetitions of a clinical test performed by a single
observer. All items of the ultrasound examination were scored by
investigator ‘A’ twice, with the images presented in random order
for the evaluation of intra-observer reliability. Intra-observer cor-
relation coefﬁcients (ICCs) were calculated, and it was pre-speciﬁed
that the correlation between assessments should be >0.70 for all
items in order to be eligible for further scrutiny (corresponding to
approximately 50% of the variation explained). Flooring and ceiling
effects were taken into account if present. ICC provides information
on the ability of two observers to differentiate between subjects
(reliability). The ICC was deﬁned as the ratio of variance among
subjects (subject variability) over the total variance (subject vari-
ability, observer variability, random error variability), which ranges
between 0 (no reliability) and 1 (perfect reliability). An ICC of less
than 0.75 was considered unsatisfactory.
Statistical analyses
The allocation of items in the ultrasound examination into do-
mains was based on exploratory factor analysis (principal compo-
nent analysis with varimax rotation) and face validity, as judged by
the investigators. Inter-observer agreement (Bland and Altman)
was quantiﬁed by calculating the mean differences (d) between the
two observers and the standard deviation (SD) for this difference.
The closer d is to zero and the smaller the SD of this difference, the
better the inter-observer agreement. Differences between the two
observers were plotted against the mean of the measurements
made by the two observers. The “Bland and Altman Plot” shows the
size, direction, and range of the differences and shows whether
differences between observers are consistent across the range of
measurements. The 95% limits of agreement were deﬁned as the
mean difference between the observers ± 1.96 SD of the differ-
ences, indicating the total error (bias and random error together).
The presence of bias between the observers was estimated by
calculating the 95% conﬁdence interval (CI) for d. The 95% CI for
dwas calculated as d ± tn1SE(d), where n is the number of subjects
and SE the standard error of the mean equal to SD/√n. If zero lies
outside the 95% CI, systematic differences (bias) between the ob-
servers exists. When trying to determine whether a real change in
outcome has occurred in clinical practice and research, a change
must be at least the smallest detectable difference (SDD) of a
measurement procedure. The SDD was calculated as
1.96√[2 SEM2], where the standard error of measurement was
SD  √(1  r), with r being the reliability coefﬁcient.
Sample size
A priori, it was decided that enrollment of 40 participants would
be feasible to explore the objectives. For a test of a correlationbetween two normal variables using Fisher's z statistic with a two-
sided nominal signiﬁcance level of 0.05, a sample size of 40 has a
power of 0.809 (81%) to detect a correlation of 0.43. The actual
signiﬁcance level was 0.05.
Results
Participants
As presented in the ﬂowchart in Fig.1, 96 personswere referred to
standing knee radiographic examination in the study period. Some
31 subjects (32%) declined to participate, and 20 (21%) did not show
up for the examination. Some 45 subjects (47%) signed the informed
consent and participated in the study. Table II describes the subjects
participating in this study and provides KL and KOOS scores.
Content validity: item reduction
Based on the ﬁrst correlation analyses to explore items with poor
intra-observer reliability item reduction was performed using both
quantitative and qualitative components. Individual items with no
measurement in any of the participants scanned (eight items), and/
or a correlation coefﬁcient of less than 0.7 (16 items) were consid-
ered possibly irrelevant for the population under study (Appendix 2).
For all 24 items identiﬁed as possibly irrelevant, the expert panel
voted whether these individual items should be removed or not.
Panel members were told to consider the feasibility of each item
based upon content, relevance, and measurement qualities. Each
member had one vote, and items were removed if both members
voted for their removal (23 items deemed possibly irrelevant were
removed this way). If the members disagreed, the relevance of the
item was discussed further, to reach agreement. Only Item
49dcartilage thickness longitudinal plan at the lateral condyledwas
considered for removal due to an ICC below 0.7 but later kept due to
expert opinion. After this item reduction process, the ultrasound
examination consisted of 38 items.
In the exploratory factor analysis for all 38 items, only itemswith
a factor loading above 0.5 were regarded as sufﬁciently valid for use
(Appendix 3). Items that loaded on two factors were considered for
the domain with the highest value (items loaded on ﬁve factors,
corresponding to ﬁve domains). Content experts named these ﬁve
domains based upon the protocol and characteristics of the ﬁrst and
most important items loading on the respective factors. The title of
the factors is thus not fully consistent with all items. Table III shows
the items of the ﬁnal ultrasound score.
Factor 1: Predominantly morphological changes in the medial
compartment included the following items: 7dosteophytes on
the femoral joint line; 8dosteophytes on the tibial joint line;
9dmeniscus extrusion, all three at the medial joint space, with
the subsequent three at the anterioremedial joint space;
14dosteophytes on the femoral joint line; 15dosteophytes on
the tibial joint line; 16dmeniscus extrusion; 31dosteophytes
on the tibial joint line of the anteriorelateral joint space; and
57dBaker's cyst (longitudinal) at the posterior part of the knee.
Factor 2: Predominantly inﬂammation in the medial compartment
included: 2deffusion height, 4dsynovial villi both in the supra-
patellar recess, 22dDoppler activity in the medial para-patellar
recess, 23dosteophytes on the femoral joint line at the lateral
joint space, and 52dBaker's cyst (transverse) at the posterior
part of the knee.
Factor 3: Predominantly morphological changes in the lateral
compartment included the following items: 24dosteophytes on
the tibial joint line at the lateral joint space, 28deffusion at the
lateral joint space, 30dosteophytes on the femoral joint line at
Fig. 1. Flowchart of phases in the study and recruited participants.
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lateral joint space, 37deffusion at the lateral para-patellar
recess, and 58dsynovial hypertrophy in Baker's cyst in the
posterior part of the knee (longitudinal).
Factor 4: Predominantly inﬂammation in the lateral compartment
included the following loaded items: 29dDoppler activity at the
lateral joint space, 38dDoppler activity in the lateral para-
patellar recess, 50dcartilage thickness in the transverse plane
at trochlear.
Factor 5: Effusion included: 1deffusion in the supra-patellar
recess, 61dDoppler activity in the posterior part of the knee
(longitudinal).Reproducibility and reliability
Table IV summarizes the results of the inter-observer agree-
ment, SDD, and ICC for the summed values of the separate US items
in the ﬁve domains of the ultrasound score. The results of the as-
sessments made by the two investigators were in good agreement,
with the only exception being “Morphological changesLateral”, where the difference between the two assessors (2.71
units) corresponded to 32% of the average assessor score (8.5 units).
Although no clear criteria for an acceptable value of inter-
observer agreement are available for these speciﬁc MUS measures,
we determined that a difference in measurements between the in-
vestigators (d) relative to the mean of 10% of the total range of
measurements would be acceptable. The decision regarding this
cutoff point was arbitrary. For domain 1, morphological changes in
the medial compartment, the SDD was clearly lower than the pre-
deﬁned acceptable difference of 10% of the total range of measure-
ment (1.9 vs 10% of 52 ¼ 5.2). For domain 2; inﬂammation in the
medial compartment, and domain 5, effusion, the SDD was equal to
the predeﬁned acceptable difference of 10% (2.2 points vs 10% of
21 ¼ 2.1, and 0.5 points vs 10% of 4 ¼ 0.4 points, respectively). The
SDD for domain 3dmorphological changes in the lateral compart-
ment, and 4dinﬂammation in the lateral compartmentdwas much
greater than the predeﬁned acceptable difference (6.7 vs 10% of
33.5 ¼ 3.3, 1.0 vs 10% of 5.0 ¼ 0.5, respectively).
The ICCs of all ﬁve domainswere all high (ICC 0.75), and almost
perfect reproducibility was found for domain 1dmorphological
changes in the medial compartment (ICC  0.97).
Table II
Participant characteristic (n ¼ 45)
Variable Mean ± SD Median
Female, no. (%) 29 (64%)
Age (years) 67 ± 8.0 (46;85) 67
Body-Mass Index (kg/m2) 28.2 ± 3.4 (23;42) 28.3
Kellgren and Lawrence radiographic
reading (0e12)
5.4 ± 2.7 (1;12) 5
Medial compartment (0e4) 2.1 ± 1.2 (0;4) 2
0 no. (%) 4 (9%)
1 no. (%) 11 (24%)
2 no. (%) 13 (29%)
3 no. (%) 10 (22%)
4 no. (%) 7 (16%)
Lateral compartment (0e4) 1.6 ± 0.9 (0;4) 2
0 no (%) 5 (11%)
1 no. (%) 17 (38%)
2 no. (%) 18 (40%)
3 no. (%) 3 (7%)
4 no. (%) 2 (4%)
patellofemoral compartment (0e4) 1.7 ± 1.0 (0;4) 2
0 no (%) 6 (13%)
1 no. (%) 12 (40%)
2 no. (%) 18 (27%)
3 no. (%) 7 (16%)
4 no. (%) 2 (4%)
KOOS
Pain 63.0 ± 17.1 (25;94.4) 63.9
Symptoms 71.4 ± 19.4 (39.3;100) 75
ADL 68.4 ± 16.2 (20.6;94.1) 69.1
Sport/recreation 31.0 ± 22.0 (0;75) 27.5
QoL 42.0 ± 17.8 (6.3;75) 43.8
Plus-minus values are means ± SD and (minimumemaximum) unless otherwise
stated.
Abbreviations: KOOS, The Knee Injury and Osteoarthritis Outcome Score is a
normalized score, 100 indicating no symptoms and 0 indicating extreme symptoms;
ADL, Activity of Daily Living; QoL, Quality of Life.
Table III
Items of importance of at least one of the factors
Item no. Domain Region Item name
1 (5) The supra-patellar recess Effusion
2 (2) The supra-patellar recess Effusion height
4 (2) The quadriceps tendon Synovial villi
7 (1) The medial joint space Osteophytes on the f
8 (1) The medial joint space Osteophytes on the t
9 (1) The medial joint space Menisci extrusion
14 (1) The anterioremedial joint space Osteophytes on the f
15 (1) The anterioremedial joint space Osteophytes on the t
16 (1) The anterioremedial joint space Menisci extrusion
22 (2) The medial para-patellar recess Synovial hypertrophy
23 (2) The lateral joint space Osteophytes on the f
24 (3) The lateral joint space Osteophytes on the t
28 (3) The lateral joint space Effusion
29 (4) The lateral joint space Doppler activity
30 (3) The anteriorelateral joint space Osteophytes on the f
31 (1) The anteriorelateral joint space Osteophytes on the t
35 (3) The anteriorelateral joint space Effusion
37 (3) The lateral para-patellar recess Effusion
38 (4) The lateral para-patellar recess Doppler activity
50 (4) Trochlear Cartilage thickness tr
51 (2) The posterior part of the knee Baker's cyst (transver
57 (1) The posterior part of the knee Baker's cyst (longitud
58 (3) The posterior part of the knee Synovial hypertrophy
61 (5) The posterior part of the knee Doppler activity
Values in bold indicate items with a factor loading > 0.5.
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The correlations of the summed values of the separate US items in
the ﬁve domains in the ultrasound score with the KOOS and the KL
scores are summarized in Table V using Spearman's correlation anal-
ysis. Correlation coefﬁcients (r-values) of 0.40e0.59 are considered
moderate, whereas r-values of 0.60e0.79 and 0.80 to 1.0 are consid-
ered strong and very strong, respectively. Morphological changes in
themedial compartment correlate very strongly and stronglywith the
KL score of the medial compartment (r ¼ 0.81) and the KL total score
(r ¼ 0.76), respectively, as we expected a priori. Likewise there was a
strong correlation (r ¼ 0.60) between morphological changes in the
lateral compartment and the KL score of the lateral compartment. In
contrast, there was no or only a week correlation between the MUS
domains scores and the KOOS, as expected (Table V). Worth
mentioning is the moderate correlation of the inﬂammation score in
themedial compartment with the KL score of the same compartment
(r ¼ 0.41), which is stronger than conventional MRI scores of inﬂam-
mation, which typically lie between r ¼ 0.1 and r ¼ 0.253.
Discussion
The ﬁndings of this study substantiated the value of MUS in
knee OA within relevant domains measuring morphological fea-
tures, inﬂammatory markers, and effusion. Other items were
clearly problematic with respect to redundancy, i.e., they added no
further value in the factor analysis. This should raise questions as to
their use in OA research. Pre-study choice of MUS items for the
examination included a wide selection of signs of knee OA as well
as relevant features for use in differential diagnostics of knee pain.
Bony changes
This study demonstrated a strong correlation between the
morphological changes in the medial and lateral compartments and
the corresponding KL score. The bony changesdosteophytesdat the
medial and lateral joint margins were readily discernible withFactor
1 2 3 4 5
0.147 0.469 0.183 0.091 ¡0.531
0.409 0.701 0.188 0.190 0.273
0.346 0.567 0.019 0.210 0.547
emoral joint line 0.872 0.280 0.036 0.063 0.160
ibial joint line 0.786 0.274 0.075 0.088 0.091
0.750 0.145 0.262 0.005 0.198
emoral joint line 0.755 0.459 0.090 0.001 0.144
ibial joint line 0.752 0.456 0.028 0.022 0.020
0.626 ¡0.507 0.339 0.012 0.057
0.301 0.572 0.038 0.328 0.076
emoral joint line 0.468 ¡0.566 0.204 0.199 0.193
ibial joint line 0.259 0.280 0.642 0.137 0.064
0.345 0.234 0.584 0.090 0.082
0.251 0.257 0.098 ¡0.599 0.077
emoral joint line 0.463 0.296 0.521 0.005 0.185
ibial joint line 0.524 0.320 0.169 0.083 0.197
0.155 0.524 0.585 0.123 0.008
0.331 0.216 0.574 0.191 0.283
0.267 0.303 0.136 ¡0.569 0.202
ansverse plan 0.331 0.249 0.024 0.505 0.015
se) 0.520 0.536 0.243 0.369 0.235
inal) 0.520 0.457 0.393 0.451 0.189
0.206 0.350 ¡0.522 0.259 0.005
0.366 0.180 0.493 0.251 ¡0.613
Table IV
Inter-observer agreement, SDD and ICC for the ﬁve domains (n ¼ 45)
Domain Observer A Observer B Mean ± SD
A and B
Mean ± SD difference
A  B
95% limits
of agreement*
SDD ICC (95% CI)
Mean ± SD Range Mean ± SD Range
1. Morphological changes e medial 19.2 ± 13.8 3.5e55.5 18.9 ± 12.9 0e49 19.1 ± 13.2 0.37 ± 3.61 6.71 to 7.45 1.9 0.97 (0.94e0.98)
2. Inﬂammation e medial 5.4 ± 4.2 0e21 5.4 ± 5.1 0e20 5.4 ± 4.5 0.01 ± 2.35 4.62 to 4.60 2.2 0.89 (0.81e0.94)
3. Morphological changes e lateral 9.9 ± 6.8 1.5e35 7.2 ± 6.7 0e36 8.5 ± 6.3 2.71 ± 4.8 6.71 to 12.13 6.7 0.75 (0.59e0.85)
4. Inﬂammation e lateral 3.6 ± 1.2 1.4e6.4 4 ± 1.3 1.5e6.8 3.8 ± 1.2 0.41 ± 0.82 2.01 to 1.19 1.0 0.79 (0.65e0.88)
5. Effusion 1 ± 1 0e4 0.8 ± 1 0e4 0.9 ± 1 0.20 ± 0.52 0.81 to 1.21 0.5 0.87 (0.78e0.93)
Abbreviation: ICC', Inter-observer Correlations Coefﬁcients.
* 95% limits of agreement: mean (A  B) ± 1.96 SD.
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and the validity of the MUS changes were best at the medial joint
margins. MUS might improve detection of the morphological
changes of knee OA at early stages of the disease, as MUS has three-
dimensional ability and a better resolution than the standing ra-
diograms used in knee OA23. Thus, MUS in knee OA might reach a
similar importance for the experienced ultrasonographer in detect-
ing bony changes, as in rheumatoid arthritis2.
In comparison with the medial joint margins, evaluation of
osteophytes at the lateral margins of the joint challenges the
clinician due to the uneven bony surface. In accordance with this
the lateral osteophytes had a higher degree of error (i.e., higher
SDD) in comparisonwith the results from the medial joint margins.
Of the participants in our study, nine showed a more severe OA
(higher KL score) in the lateral compartment than in the corre-
sponding medial compartment. Of these participants, only three
had no OA (KL score ¼ 0) in the medial compartment. To explore
whether ultrasound was superior to radiography in detecting
osteophytes, we assessed compartments with a KL of 0 and found
that in ﬁve out of nine cases, ultrasound detected an osteophyte on
either the femur- or tibial joint line, or on both. In comparison, 27 of
the medial and lateral compartments scored a KL of 1 (i.e., doubtful
narrowing of joint space and possible osteophytic lipping): only in
three of these compartments did ultrasound fail to identify these
bony changes. A detection of early knee OA features at the lateral
joint margin may be of importance for the evaluation of the patient
for unicompartmental knee replacement, while, a value of MUS for
this aspect remains to be demonstrated.Cartilage
We included measurements of the cartilage of the condyle and
fovea trochlearis, as deterioration of the cartilage is part of the
pathogenesis in knee OA. In this study, only themeasurement of the
cartilage height in the most profound part of fovea trochlearis
passed the threshold for inclusion as part of the score, whereas the
other cartilage measurements on the condyles had to be left out
due to lack of sufﬁcient reproducibility24. The use of MUS in carti-
lage evaluation in knee OA is of high interest as it may constitute a
non-invasive method for diagnosis2,25e27. US of cartilage is associ-
ated with some technical issues, which inhibit more exact quanti-
tative measurements24, and the present study only included a
single examination site. Recently, it has been shown that femoral
cartilage may be scanned dynamically and a US grading system for
articular cartilage, which includes evaluation of local reduction of
thickness, loss of the normal sharpness of cartilage interfaces, and
increased echogenicity, has been proposed10.Soft tissue changes
In this ultrasound score, we included the soft tissue changes
relevant to determining inﬂammatory changes by knee OA12, and anumber of participants had deﬁnite signs of inﬂammation. These
inﬂammatory changes were mostly distributed at the joint margins,
both lateral and medial, which agreed with our previous experience
in a similar patient group15,28. In contrast, Doppler changes were
detected in only a few cases. With MRI, enhancement in the supra-
patellar recess is demonstrated in a large proportion of patients with
knee OA29: the sparse ﬁndings on MUS may be due to lack of sensi-
tivity of the CDUS at the depths of the recess. Thus, thismeasurement
didnot reacha factor loading above0.5, andMUScannotbe suggested
for evaluation of inﬂammatory features of this structure.
The MUS score also included typical signs of jumper's knee and
granulomas, which are possible differential diagnoses in cases of
knee pain. Our study population was limited in number and these
signs were not found in any of the participants, but these possible
differential diagnoses may still be important to consider.
Association with KOOS
Discrepancies between imaging and symptoms are common in
knee OA, and MUS is no exception, as indicated by the ﬁndings in
the present study. Only weak but signiﬁcant correlations were
found between the KOOS subgroups: pain, symptom and ADL,
inﬂammation in the medial compartment, and morphological
changes in the lateral compartment. On the other hand, the present
associations between PROs (patients reported outcome) and ul-
trasound are better in comparison to most imaging studies using
conventional MRI.
Limitations
Cartilage damage precedes bony morphological changes pre-
sumable by several years. Such, early cartilage damage cannot yet be
determined exactly by conventional US, while in the future more
advanced, dynamic USmay overcome this issue. In the present study
population, a ﬂoor effect may be suspected as some items were not
observed, e.g., patella tendon abnormalities; their absence might
have inﬂuenced the MUS score. Moreover, the study did not include
a control group, and the number of patients with KeL grade 0 was
also very small. Intra- and inter-observer reliability was determined
only by scoring the same US images twice rather than by repeating
the whole US examination by the two investigators, which would
have included further variation during the acquisition phase.
A relevance for longitudinal studies remains to be demonstrated.
Conclusion
The MUS score suggested in this study was reliable and has a
potential for the evaluation of knee OA. This study demonstrated a
strong correlation between the morphological changes in the
medial and lateral compartments and the corresponding KL score,
while only a weak correlation was observed with the clinical
symptoms as determined by the KOOS. The present study could not
Table V
Construct validity (n ¼ 45)
Domain
1. Morphological changes
in the medial compartment
2. Inﬂammation in the
medial compartment
3. Morphological changes in
the lateral compartment
4. Inﬂammation in the
lateral compartment
5. Effusion
KOOS
Pain 0.011 0.314* 0.284 0.171 0.093
Symptom 0.212 0.367* 0.321* 0.138 0.175
ADL 0.138 0.308* 0.412** 0.020 0.101
Sport/recreation 0.045 0.195 0.192 0.147 0.052
QoL 0.064 0.120 0.142 0.042 0.071
Kellgren and Lawrence radiographic reading
Medial compartment (0e4) 0.808** 0.406** 0.384** 0.046 0.283
Lateral compartment (0e4) 0.536** 0.649** 0.601** 0.172 0.472**
patellofemoral compartment (0e4) 0.585** 0.499** 0.482** 0.066 0.293
Total KL score (0e12) 0.759** 0.620** 0.582** 0.108 0.431**
Abbreviations: KOOS, The Knee injury and Osteoarthritis Outcome Score is a normalized score; ADL, Activity of Daily Living; QoL, Quality of Life.
* Correlation is signiﬁcant at the 0.05 level (2-tailed).
** Correlation is signiﬁcant at the 0.01 level (2-tailed).
B.F. Riecke et al. / Osteoarthritis and Cartilage 22 (2014) 1675e16911682demonstrate superiority of the US to KL scoring. Further studies are
needed to investigate whether the MUS score may be applied for
detecting changes during treatment.
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Appendix 1e proximal tip of the patella (P) in the scan plane and the 
ompression of the knee with the hand of the investigator 
lar recess
Q
R E
P
Compression
The transducer is placed on the quadriceps tendon with the proximal tip of the patella 
(P) in the scan plane and the suprapatellar recess (R) and underlying bone in the 
bottom. Colour Doppler is applied to detect hyperaemia, if present, an image with 
maximal flow and minimal flow is taken from the same live clip.
Position 1
The Suprapatellar recess
Colour Doppler
Item: 5
P
Q
R
The transducer is placed in the frontal plane of the knee, on the medial side with the medial joint space (J) in the middle of 
the scan plane. Colour Doppler is applied to detect hyperaemia, if present, an image with maximal flow and minimal flow is 
taken from the same live clip.(F: femur, T: Tibia, M: Meniscus with extrusion, *:Osteophyte)    
Position 2
The medial joint space
Colour Doppler
Item: 7-13
F T
M
M
F T
*
*
J
J
The transducer is moved from position 2 halfway to the rim of the patella (F: femur, T: 
Tibia, M: Meniscus, *: Osteophyte, J: Joint space)
Position 3
The anteromedial joint space
Item: 14-19
TF
*
M
*
J
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The transducer is placed with the femoral (F) part of the joint space on the edge of 
the scan plane, and rotated towards the patella, until the medial parapatellar recess 
(R) appears in the scan plane (*: Osteophyte)
Position 4
The medial parapatellar recess
F
*
R
Item: 20-21
The transducer is placed with the femoral (F) part of the joint space on the edge of the scan plane, and rotated towards 
the patella, until the medial para-patellar recess (R) appears in the scan plane. Colour Doppler is applied to detect 
hyperaemia, if present, an image with maximal flow and minimal flow is taken from the same live clip. (*: Osteophyte)    
Position 4
The medial parapatellar recess
Item: 22
F
*R R
F
*
Colour DopplerMinimum flow Maximum flow
The transducer is placed in the frontal plane of the knee on the lateral side, with the 
lateral joint space in the middle of the scan plane (F: femur, T: Tibia, M: Meniscus,
*: Osteophyte, J: Joint space)
Position 5
The lateral joint space
F T
M
*
Item: 23-28
J
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The transducer is placed in the frontal plane of the knee on the lateral side, with the lateral joint space in the middle of
 the scan plane. Colour Doppler is applied to detect hyperaemia, if present, an image with maximal flow and minimal flow 
is taken from the same live clip. (F: femur, T: Tibia, M: Meniscus, *: Osteophyte, J: Joint space)     
Position 5
The lateral joint space
Colour DopplerMinimum flow Maximum flow
Item: 29
F T
M
*
* *
*
F T
M
J J
The transducer is moved from position 5 halfway to the rim of the patella, visualizing 
the tractus iliotibialis and the lateral joint space in the middle of the scan plane 
(F: femur, T: Tibia, M: Meniscus, *: Osteophyte, J: Joint space)
Position 6
The anterolateral joint space
Item: 30-35
F
T*
M
*
J
The transducer is placed with the femoral part (F) of the joint space on the edge of 
the scan plane, and rotated towards the patella, until the lateral parapatellar recess 
(R) appears in the scan plane (*: Osteophyte)
Position 7
The lateral parapatellar recess
Item: 36-37
F
*
R
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The transducer is placed with the femoral part (F) of the joint space on the edge of the scan plane, and rotated towards 
the patella, until the lateral parapatellar recess (R) appears in the scan plane. Colour Doppler is applied to detect 
hyperaemia, if present, an image with maximal flow and minimal flow is taken from the same live clip. (*: Osteophyte)   
Position 7
The lateral parapatellar recess
Item: 38
F
*
R
F
*
R
Colour DopplerMinimum flow Maximum flow
The transducer is placed on the patella tendon (PT) with the distal tip of the patella 
(P) and the origin of the tendon in the scan plane
Position 8
The proximal patella tendon
Item: 39-41
P
PT
The transducer is placed on the patella tendon (PT) with the tuberositas tibia (TT) 
and the insertion of the patella tendon in the scan plane  
Position 9 
The distal patella tendon  
PT 
TT 
Item: 42-45 
The knee is flexed 90° and the transducer is placed on the medial condyle (MC) of 
the femur in a longitudinal axis with femur. Scanning was done in both the 
longitudinal and transverse plane, by rotating the transducer 90° in the same spot 
(P: Patella, C: Cartillage)
Position 10
The medial condyle (transverse)
MC
Item: 46
P
C
The knee is flexed 90° and the transducer is placed on the medial condyle (MC) of 
the femur in a longitudinal axis with femur. Scanning was done in both the 
longitudinal and transverse plan, by rotating the transducer 90° in the same spot 
(C: Cartilage)
Position 10
The medial condyle (longitudinal)
MC
Item: 47
P
C
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The knee is flexed 90° and the transducer is placed on the lateral condyle (LC) of the 
femur in a longitudinal axis with femur. Scanning was done in both the longitudinal 
and transverse plan, by rotating the transducer 90° in the same spot 
(P: Patella, C: Cartilage)
Position 11
The lateral condyle (transverse)
Item: 48
LC
C
The knee is flexed 90° and the transducer is placed on the lateral condyle (LC) of the 
femur in a longitudinal axis with femur. Scanning was done in both the longitudinal 
and transverse plan, by rotating the transducer 90° in the same spot (C: Cartilage)
Position 11
The lateral condyle (longitudinal)
Item: 49
LC
C
The knee is flexed 90° and the transducer is placed in a longitudinal axis with femur, 
visualizing the fovea trochlearis (FT) in the transverse scan plan, showing the 
deepest part of the fovea and cartilage (C) with the overlying quadriceps tendon (Q)
Position 12
The Trochlea (transverse)
Item: 50
FT
C
Q
The knee is flexed 90° and the transducer is placed in a longitudinal axis with femur, 
visualizing the fovea trochlearis, (FT) by rotating the transducer 90° the longitudinal 
plan is visualized, showing the deepest part of the fovea with cartilage (C) and 
overlying quadriceps tendon (Q)
Position 12
The Trochlea (Longitudinal)
Item: 51
FT
C
Q
The transducer is placed in the transverse plane over the medial head of the 
gastrocnemius muscle (G) looking for Baker´s cyst (B)
Position 13
The Posterior part of the knee
Item: 52-55
G
B
The transducer is placed in the transverse plan over the medial head of the 
gastrocnemius muscle (G) looking for Baker´s cyst (B). Colour Doppler is applied to 
detect hyperaemia, if present, an image with maximal flow and minimal flow is taken 
from the same live clip.
Position 13
The Posterior part of the knee
Colour Doppler
Item: 56
G
B
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The transducer is from position 13 rotated 90° showing the longitudinal plane over 
the medial head of the gastrocnemius muscle (G) looking for Baker´s cyst (B)
Position 14
The Posterior part of the knee
Item: 57-60
G
B
The transducer is from position 13 rotated 90° showing the longitudinal plan over the 
medial head of the gastrocnemius muscle (G) looking for Baker´s cyst (B). Colour 
Doppler is applied to detect hyperaemia, if present, an image with maximal flow and 
minimal flow is taken from the same live clip.
Position 14 The Posterior part of the knee
Colour Doppler
Item: 51
G
B
G
B
Item: 61
Minimum flow
Maximum flow
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B.F. Riecke et al. / Osteoarthritis and Cartilage 22 (2014) 1675e1691 1689Appendix 2. Intra-rater correlation coefﬁcientsItem no. Region Item Correlation
1 The supra-patellar recess Effusion 0.7*
2 Effusion height 0.8*
3 Synovial hypertrophy 0.5
4 Synovial villi 1.0*
5 Doppler activity 0.7*
6 Osteophytes on patella 0
7 The medial joint space Osteophytes on the femoral joint line 0.9*
8 Osteophytes on the tibial joint line 0.8*
9 Menisci extrusion 1.0*
10 Meniscal ﬁssure 0.5
11 Meniscal cyst e
12 Effusion 0.5
13 Doppler activity 1.0*
14 The anterioremedial joint space Osteophytes on the femoral joint line 1.0*
15 Osteophytes on the tibial joint line 0.9*
16 Menisci extrusion 0.9*
17 Meniscal ﬁssure 0.6
18 Meniscal cyst e
19 Effusion 0.5
20 The medial para-patellar recess Synovial hypertrophy 0.6
21 Effusion 0.5
22 Doppler activity 0.9*
23 The lateral joint space Osteophytes on the femoral joint line 0.9*
24 Osteophytes on the tibial joint line 0.7*
25 Menisci extrusion 0.5
26 Meniscal ﬁssure 0.4
27 Meniscal cyst 1.0*
28 Effusion 0.7*
29 Doppler activity 0.9*
30 The anteriorelateral joint space Osteophytes on the femoral joint line 0.9*
31 Osteophytes on the tibial joint line 0.9*
32 Menisci extrusion 0.5
33 Meniscal ﬁssure 0.7*
34 Meniscal cyst 0.7*
35 Effusion 0.7*
36 The lateral para-patellar recess Synovial hypertrophy 0.8*
37 Effusion 0.8*
38 Doppler activity 1.0*
39 The proximal patella tendon Jumpers knee e
40 Osteophytes on patella e
41 Doppler activity e
42 The distal patella tendon Jumpers knee e
43 Granuloma e
44 Doppler activity 1.0*
45 Infra patellar bursa 0.2
46 The medial condyle Cartilage thickness transverse plan 0.7*
47 Cartilage thickness longitudinal plan 0.7*
48 The lateral condyle Cartilage thickness transverse plan 0.9*
49 Cartilage thickness longitudinal plan 0.6
50 Trochlear Cartilage thickness transverse plan 0.8*
51 Cartilage thickness longitudinal plan 0.7*
52 The posterior part of the knee (transverse) Baker's cyst 0.9*
53 Synovial hypertrophy 0.4
54 Septa 1.0*
55 Synovial villi 0.5
56 Doppler activity 0.9*
57 The posterior part of the knee (longitudinal) Baker's cyst 0.9*
58 Synovial hypertrophy 0.7*
59 Septa 0.4
60 Synovial villi 0.5
61 Doppler activity 0.9*
* Correlation coefﬁcient > 0.7.
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1 2 3 4 5 6 7 8 9 10 11 12
7 0.872 0.280 0.036 0.063 0.160 0.087 0.128 0.095 0.013 0.030 0.095 0.039
8 0.786 0.274 0.075 0.088 0.091 0.281 0.068 0.100 0.075 0.138 0.078 0.038
14 0.755 0.459 0.090 0.001 0.144 0.014 0.248 0.054 0.091 0.068 0.184 0.034
15 0.752 0.456 0.028 0.022 0.020 0.048 0.037 0.069 0.014 0.071 0.117 0.096
9 0.750 0.145 0.262 0.005 0.198 0.365 0.095 0.163 0.104 0.005 0.030 0.074
16 0.626 ¡0.507 0.339 0.012 0.057 0.118 0.124 0.014 0.158 0.022 0.065 0.047
57 0.520 0.457 0.393 0.451 0.189 0.050 0.069 0.087 0.100 0.020 0.106 0.090
36 0.493 0.231 0.465 0.259 0.028 0.188 0.086 0.172 0.058 0.059 0.010 0.145
13 0.459 0.295 0.028 0.265 0.100 0.261 0.090 0.181 0.252 0.354 0.282 0.196
2 0.409 0.701 0.188 0.190 0.273 0.034 0.246 0.089 0.091 0.038 0.067 0.021
22 0.301 0.572 0.038 0.328 0.076 0.092 0.126 0.218 0.074 0.062 0.429 0.087
4 0.346 0.567 0.019 0.210 0.547 0.166 0.132 0.281 0.005 0.100 0.049 0.144
23 0.468 ¡0.566 0.204 0.199 0.193 0.349 0.102 0.068 0.148 0.022 0.051 0.090
52 0.520 0.536 0.243 0.369 0.235 0.123 0.053 0.082 0.036 0.072 0.185 0.156
24 0.259 0.280 0.642 0.137 0.064 0.143 0.054 0.055 0.230 0.017 0.138 0.253
35 0.155 0.524 0.585 0.123 0.008 0.165 0.217 0.066 0.133 0.054 0.026 0.126
28 0.345 0.234 0.584 0.090 0.082 0.247 0.007 0.191 0.084 0.044 0.046 0.089
37 0.331 0.216 0.574 0.191 0.283 0.119 0.296 0.309 0.065 0.136 0.050 0.014
58 0.206 0.350 ¡0.522 0.259 0.005 0.307 0.411 0.000 0.158 0.128 0.065 0.287
30 0.463 0.296 0.521 0.005 0.185 0.365 0.016 0.009 0.299 0.267 0.023 0.051
56 0.373 0.090 0.496 0.427 0.442 0.053 0.097 0.095 0.007 0.035 0.189 0.044
29 0.251 0.257 0.098 ¡0.599 0.077 0.270 0.026 0.134 0.091 0.181 0.103 0.078
38 0.267 0.303 0.136 ¡0.569 0.202 0.130 0.260 0.365 0.143 0.071 0.113 0.001
50 0.331 0.249 0.024 0.505 0.015 0.012 0.473 0.244 0.060 0.198 0.232 0.045
51 0.010 0.121 0.192 0.463 0.146 0.368 0.210 0.255 0.079 0.294 0.400 0.128
61 0.366 0.180 0.493 0.251 ¡0.613 0.155 0.095 0.029 0.026 0.045 0.037 0.058
1 0.147 0.469 0.183 0.091 ¡0.531 0.045 0.226 0.254 0.221 0.157 0.063 0.239
5 0.380 0.105 0.341 0.133 0.451 0.202 0.260 0.234 0.121 0.008 0.264 0.188
31 0.524 0.320 0.169 0.083 0.197 0.541 0.099 0.141 0.088 0.033 0.103 0.183
54 0.098 0.444 0.124 0.033 0.441 0.449 0.416 0.040 0.214 0.003 0.042 0.045
47 0.171 0.051 0.137 0.387 0.106 0.010 0.460 0.277 0.389 0.020 0.276 0.218
44 0.132 0.055 0.052 0.383 0.282 0.206 0.451 0.358 0.259 0.287 0.027 0.346
49 0.121 0.066 0.217 0.309 0.070 0.442 0.066 0.540 0.274 0.091 0.123 0.091
46 0.099 0.147 0.216 0.414 0.253 0.263 0.184 0.453 0.149 0.285 0.080 0.298
48 0.185 0.153 0.029 0.021 0.015 0.153 0.437 0.257 0.473 0.300 0.291 0.120
34 0.202 0.036 0.090 0.002 0.059 0.056 0.225 0.201 0.432 0.583 0.066 0.266
27 0.142 0.081 0.205 0.143 0.208 0.311 0.029 0.159 0.349 0.493 0.352 0.079
33 0.322 0.399 0.031 0.170 0.129 0.340 0.278 0.102 0.065 0.079 0.221 0.432
The bold values are the signiﬁcant values, dividing the items into different factors, regarding their factor loading > ±0.5.References
1. Dougados M. Monitoring osteoarthritis progression and ther-
apy. Osteoarthr Cartil 2004;12(Suppl A):S55e60.
2. Guermazi A, Burstein D, Conaghan P, Eckstein F, Hellio Le
Graverand-Gastineau MP, Keen H, et al. Imaging in osteoar-
thritis. Rheum Dis Clin North Am 2008 Aug;34(3):645e87.
3. GudbergsenH, Lohmander LS, JonesG, Christensen R, Bartels EM,
Danneskiold-Samsoe B, et al. Correlations between radiographic
assessments and MRI features of knee osteoarthritis e a cross-
sectional study. Osteoarthr Cartil 2013 Apr;21(4):535e43.
4. Burgkart R, Glaser C, Hyhlik-Durr A, Englmeier KH, Reiser M,
Eckstein F. Magnetic resonance imaging-based assessment of
cartilage loss in severe osteoarthritis: accuracy, precision, and
diagnostic value. Arthritis Rheum 2001 Sep;44(9):2072e7.
5. Hill CL, Gale DG, Chaisson CE, Skinner K, Kazis L, Gale ME, et al.
Knee effusions, popliteal cysts, and synovial thickening: asso-
ciation with knee pain in osteoarthritis. J Rheumatol 2001
Jun;28(6):1330e7.
6. Gudbergsen H. MRI in knee osteoarthritis. Application in diet
intervention. Dan Med J 2013 Mar;60(3):B4594.
7. Torp-Pedersen ST, Terslev L. Settings and artefacts relevant in
rheumatological colour/power Doppler ultrasound. Ann
Rheum Dis 2008 Feb;67(2):143e9. Epub 2007 Nov 29.8. van HM, Introcaso JH. Musculoskeletal ultrasonography. Radiol
Clin North Am 1992 Sep;30(5):907e25.
9. Friedman L, Finlay K, Jurriaans E. Ultrasound of the knee.
Skeletal Radiol 2001 Jul;30(7):361e77.
10. Saarakkala S, Waris P, Waris V, Tarkiainen I, Karvanen E,
Aarnio J, et al. Diagnostic performance of knee ultrasonogra-
phy for detecting degenerative changes of articular cartilage.
Osteoarthr Cartil 2012 May;20(5):376e81.
11. Wu PT, Shao CJ, Wu KC, Wu TT, Chern TC, Kuo LC, et al. Pain in
patients with equal radiographic grades of osteoarthritis in
both knees: the value of gray scale ultrasound. Osteoarthr
Cartil 2012 Dec;20(12):1507e13.
12. D'Agostino MA, Conaghan P, Le BM, Baron G, Grassi W,
Martin-Mola E, et al. EULAR report on the use of ultraso-
nography in painful knee osteoarthritis. Part 1: prevalence of
inﬂammation in osteoarthritis. Ann Rheum Dis 2005
Dec;64(12):1703e9.
13. Ward EE, Jacobson JA, Fessell DP, Hayes CW, van HM. Sono-
graphic detection of Baker's cysts: comparison with MR im-
aging. AJR Am J Roentgenol 2001 Feb;176(2):373e80.
14. Kane D, Balint PV, Sturrock RD. Ultrasonography is superior to
clinical examination in the detection and localization of knee
joint effusion in rheumatoid arthritis. J Rheumatol 2003
May;30(5):966e71.
B.F. Riecke et al. / Osteoarthritis and Cartilage 22 (2014) 1675e1691 169115. Kristoffersen H, Torp-Pedersen S, Terslev L, Qvistgaard E,
Holm CC, Ellegaard K, et al. Indications of inﬂammation visu-
alized by ultrasound in osteoarthritis of the knee. Acta Radiol
2006 Apr;47(3):281e6.
16. Conaghan P, D'Agostino MA, Ravaud P, Baron G, Le BM,
Grassi W, et al. EULAR report on the use of ultrasonography in
painful knee osteoarthritis. Part 2: exploring decision rules for
clinical utility. Ann Rheum Dis 2005 Dec;64(12):1710e4.
17. Ohrndorf S, Naumann L, Grundey J, Scheel T, Scheel AK,
Werner C, et al. Is musculoskeletal ultrasonography an
operator-dependent method or a fast and reliably teachable
diagnostic tool? Interreader agreements of three ultrasonog-
raphers with different training levels. Int J Rheumatol
2010;2010:164518.
18. Qvistgaard E, Torp-Pedersen S, Christensen R, Bliddal H.
Reproducibility and inter-reader agreement of a scoring sys-
tem for ultrasound evaluation of hip osteoarthritis. Ann
Rheum Dis 2006 Dec;65(12):1613e9.
19. Ellegaard K, Torp-Pedersen S, Terslev L, Danneskiold-
Samsoe B, Henriksen M, Bliddal H. Ultrasound colour Doppler
measurements in a single joint as measure of disease activity
in patients with rheumatoid arthritisdassessment of concur-
rent validity. Rheumatology (Oxford) 2009 Mar;48(3):254e7.
20. MokkinkLB,TerweeCB,KnolDL, StratfordPW,Alonso J, PatrickDL,
et al. The COSMIN checklist for evaluating the methodological
quality of studies onmeasurement properties: a clariﬁcation of its
content. BMCMed Res Methodol 2010;10:22.
21. Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee
Injury and Osteoarthritis Outcome Score (KOOS)ddevelop-
ment of a self-administered outcome measure. J Orthop Sports
Phys Ther 1998 Aug;28(2):88e96.22. Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957 Dec;16(4):494e502.
23. Moller I, Bong D, Naredo E, Filippucci E, Carrasco I, Moragues C,
et al. Ultrasound in the study and monitoring of osteoarthritis.
Osteoarthr Cartil 2008;16(Suppl 3):S4e7.
24. Torp-Pedersen S, Bartels EM, Wilhjelm J, Bliddal H. Articular
cartilage thickness measured with US is not as easy as it ap-
pears: a systematic review of measurement techniques and
image interpretation. Ultraschall Med 2011 Feb;32(1):54e61,
http://dx.doi.org/10.1055/s-0029-1245386. Epub 2010 May
28.
25. Keen HI, Wakeﬁeld RJ, Conaghan PG. A systematic review of
ultrasonography in osteoarthritis. Ann Rheum Dis 2009
May;68(5):611e9.
26. Iagnocco A, Perricone C, Scirocco C, Ceccarelli F, Modesti M,
Gattamelata A, et al. The interobserver reliability of ultrasound
in knee osteoarthritis. Rheumatology (Oxford) 2012
Nov;51(11):2013e9.
27. Yoon CH, Kim HS, Ju JH, Jee WH, Park SH, Kim HY. Validity of
the sonographic longitudinal sagittal image for assessment of
the cartilage thickness in the knee osteoarthritis. Clin Rheu-
matol 2008 Dec;27(12):1507e16.
28. Iagnocco A, Meenagh G, Riente L, Filippucci E, Delle SA,
Scire CA, et al. Ultrasound imaging for the rheumatologist
XXIX. Sonographic assessment of the knee in patients with
osteoarthritis. Clin Exp Rheumatol 2010 Sep;28(5):643e6.
29. Roemer FW, Kassim JM, Guermazi A, Thomas M, Kiran A,
Keen R, et al. Anatomical distribution of synovitis in knee
osteoarthritis and its association with joint effusion assessed
on non-enhanced and contrast-enhanced MRI. Osteoarthr
Cartil 2010 Oct;18(10):1269e74.
